Abstract and Summary.-All types of RNA are actively synthesized by the lethal hybrid obtained by fertilizing the eggs of the sea urchin Paracentrotus lividus with the sperm of another sea urchin species, Arbacia lixula. DNA-like RNA and ribosomal RNA seem to be less stable in hybrids than in normal A. lixula and P. lividus embryos. Labeled RNA's from A. lixula and P. lividus were found to hybridize about 2.5 times as well with DNA of their own species as with DNA of the other species. RNA from the interspecific hybrid hybridized from 1.6 times to twice as well with A. lixula DNA as with P. lividus DNA, although the hybrid embryos were previously shown6 to contain more DNA of maternal than of paternal type. Transcription of the paternal (foreign) genome seems therefore to be favored in some way in the interspecific hybrid.
Although the hybrid embryos Arbacia lixula d1 X Paracentrotus lividus 9 do not develop beyond early gastrulation, DNA,1 RNA,2' 3 and protein4 syntheses continue at a reduced rate long after development has stopped. We found earlier that the arrested gastrulae contain much more DNA of maternal type than of paternal type.' The paternal genome must, however, be functional, since A. lixula antigens were shown by Harding et al. 6 to be synthesized by the hybrid gastrula. Messenger RNA of paternal type must therefore be produced in hybrid embryos. In this paper, we have tried to confirm this hypothesis by studying the hybridization properties of RNA synthesized by the interspecific hybrid. We have also examined whether the other types of RNA (ribosomal and soluble) are produced at normal rates in the arrested gastrula.
Materials and Methods.-Culture of the embryos: The eggs of Paracentrotus lividu were fertilized with the sperm of Arbacia lixula according to the method of Baltzer and Bernhard.7 The embryos were cultured and the hybrids were freed of unfertilized eggs as previously described.5
Labeling of RNA: RNA was labeled by exposing the embryos to 3H-uridine (100 Auc/ml; specific activity, 4000 mc/mM; C.E.N., Mol, Belgium) or to 82P-orthophosphate (100 pc/ml; The Radiochemical Centre, Amersham, England). Great care was taken to avoid bacterial contamination.5 The embryos were either kept in the radioactive medium for 1-3 hr and immediately washed and frozen at -250C or labeled for 1 hr and then chased in normal sea water for 4-23 hr.
Extraction and purification of RNA: The sodium lauryl sulfate-cold phenol method purified by chromatography on methylated albumin-kieselguhr (MAK) columns9 (2.5 X 2 cm). The sample was applied on the column in 0.3 M NaCl-O.04 M phosphate buffer, pH 6.8. The column was carefully rinsed with buffered 0.3 M NaCl and a first fraction was eluted with 15 ml of 0.6 M NaCl, pH 6.8. This fraction ("light" RNA) consists mainly of soluble RNA, but also contains some 5S ribosomal RNA (rRNA).10 After being further washed with 0.6 M NaCl, a second fraction was recovered with 15 ml of 1.5 M NaCi. This fraction contains most of the rRNA and part of the DNA-like RNA (dRNA).'1 The rest of the rRNA and dRNA remained tightly bound to the methylated albumin. It was released by passing 15 ml of 2% sodium lauryl sulfate-0.001 M EDTA, pH 6.6, on the column.'1 The second and third eluates were pooled together and formed the "heavy" RNA fraction. The fractions were shaken at 0C for 1 hr with water-saturated phenol to destroy the last traces of proteins and centrifuged at 15,000 rpm for 10 min. The resulting supernatant was finally dialyzed against 2 X SSC (0.3 M NaCl-0.03 Mf Na citrate) to remove the excess phenol.
Methods of analysis: Chromatography on MAK columns was performed as described above. Before being analyzed, the RNA was treated with DNase (20 g/nml; 1 hr at 25CC). The base composition of RNA labeled with 32p or with 3H was measured as described by Brown and Littna. 8 DNA-RNA hybridization: DNA extracted from sperm, as described in the previous paper,, was immobilized on nitrocellulose membranes (Sartorius Membranfilter, G6ttingen, Germany). The procedure of Gillespie and Spiegelman12 for hybridization and purification of the molecular hybrids was used without modification. The RNase treatment (10 ,g/ml; 1 hr at room temperature in 2 X SSC) was found to enhance the speciesspecificity of the reaction and to reduce the amount of labeled RNA that binds to blank filters ("noise"). In no case did the "noise" exceed 0.1% of the input radioactivity.
Results.-Analysis of RNA on MAK columns: The chromatographic behavior of pulse-labeled RNA from the interspecific hybrid was different from that of normal embryos of both parental species (Fig. 1) . The radioactivity present in RNA from the hybrid was eluted in two fractions of equal importance (Fig.  1c) . These fractions came out with the two optical density peaks which appear at NaCI concentrations of 0.4-0.5 M (soluble RNA + 5S rRNA: "light" RNA) and 0.9 M (18S + 28S rRNA: "heavy" RNA). In strong contrast, the second peak contained only 5 to 10 per cent of the total radioactivity present in pulselabeled RNA from normal embryos ( Fig. la and b ). In these embryos, almost all the label was recovered in the "light" RNA peak. After a six-hour chase, there was no longer any difference in the chromatographic behavior of RNA from hybrid embryos (Fig. 2c ) and from normal embryos of A. lixula ( Fig. 2a) and P. lividus (Fig. 2b) . From 80 to 95 per cent of the label was eluted with the first peak, and the rest with the second one. In hybrid embryos, the specific activity of "light" RNA was found to increase twofold during a six-hour chase following a one-hour pulse. During the same time, the specific activity of "heavy" RNA decreased by a factor of two. In normal P. lividus embryos, a six-hour chase caused a 1.5-fold increase in the amount of radioactivity present in both classes of RNA. It can be concluded that in hybrid embryos "heavy" RNA is less stable metabolically than "light" RNA.
Base composition of RNA: The instability of "heavy" RNA in hybrid embryos could be due to the presence of a lower percentage of stable rRNA in this fraction. To check this possibility, the base composition of 32P-labeled RNA was determined in hybrids and in normal P. lividus embryos (Table 1) . In both types of embryos, "light" RNA was found to have the high G + C content which is typical of soluble RNA. As expected, "heavy" RNA had a base composition intermediate between that of rRNA ( Table 1 , last two lines) and that of DNA (36% G + C for P. lividus'3). This fraction can therefore be considered to be a mixture of dRNA and rRNA. No significant difference appeared in the G + C content of "heavy" RNA from hybrid and from normal embryos. However, the percentage of G + C in "heavy" RNA was higher in older embryos of each type. This change probably results from the rapid increase in rRNA synthesis which occurs at the onset of gastrulation.14 We can conclude that "heavy" RNA from hybrid embryos contains about the same proportion of dRNA and rRNA as the corresponding fraction of normal embryos. The unusual instability of "heavy" RNA in the hybrid cannot therefore be ascribed to the presence of higher amounts of dRNA in this fraction. (18-20 hr) , but it decreases after development has stopped (24 hr; Table 2 ). As far as soluble RNA is concerned, labeling does not necessarily reflect a real de novo synthesis. In early embryos, labeling of soluble RNA can be entirely due to a turnover of the terminal bases (CCA).15 16 We tried to find out whether a net soluble RNA synthesis takes place in hybrid and normal gastrulae by determining the base composition of the two main fractions obtained on MAK columns after pulse-labeling with 8H-uridine. If all the radioactivity taken up by soluble RNA were present in the terminal bases (CCA), the label would be entirely recovered as cytosine, since this base is present in radioactive form in the RNA precursor pool after a short uridine pulse. "Light" RNA (which is mostly soluble RNA) from one-day-old embryos of P. lividus contained much more labeled uracil (64%) than labeled cytosine (36%). "Heavy" RNA had a lower cytosine content (20%). The Hybridization properties of RNA: Labeled RNA's from A. lixula and P.
lividus were found to hybridize about 2.5 times as well with DNA of their own species as with DNA of the other species (Fig. 3a and b) . RNA from the interspecific hybrid bound twice as well to A. lixula DNA as to P. lividus DNA (Fig.  3c) .
The hybridization properties of "light" and "heavy" RNA from normal embryos were rather different. Both in A. lixula and in P. lividus, "light" RNA had a slightly higher affinity for homologous than for heterologous DNA ( Table  2 ). The hybridization ratio of this fraction was not influenced by the length of the pulse. As far as "heavy" RNA is concerned, the hybridization ratio decreased when the period of labeling increased. The species-specificity of the hybridization was completely lost when P. lividus 28S rRNA which had been pulsed for 6 hours and chased for 23 hours was used. This type of RNA had a higher affinity for A. lixula DNA than for DNA of its own species. The hybridization properties of "light" RNA from hybrid embryos were about the same as those of the corresponding fraction of A. lixula. "Heavy" RNA labeled for one hour bound 2.5 times as well to A. lixula DNA as to P. lividus DNA. When RNA was labeled for more than one hour, the hybridization ratio was about two. Discussion.-AII types of RNA are actively synthesized in hybrid embryos. "Heavy" RNA is produced as rapidly, and perhaps more rapidly, in early hybrid gastrulae than in normal P. lividus gastrulae (Fig. 1) . However, "heavy" RNA behaves in the hybrid as if it were less stable than the corresponding fraction of normal embryos. Since the proportion of dRNA and rRNA present in "heavy" RNA is the same in hybrid and in normal gastrulae, both types of RNA are probably less stable in hybrid than in normal embryos. This difference is easy to understand so far as dRNA is concerned, since this type of RNA is normally unstable. Instability is not a usual property of rRNA, unless rRNA synthesis occurs while ribosome assembly is prevented.17 Such a situation might exist in hybrid embryos and could explain why RNA synthesized in arrested gastrulae fails to move from the nucleus to the cytoplasm.4
The cross-reaction between RNA of one sea urchin species and DNA of another species (Fig. 2) is much more pronounced than the cross-hybridization between the DNA's of these two species.5 The specificity of the hybridization is especially low when partially purified soluble RNA ("light" RNA) and rRNA are used ( Table 2) . Vertebrate rRNA is known to hybridize well with DNA of unrelated species'8 and, in some cases, it was found to hybridize better with heterologous DNA than with DNA of its own species;"9 28S rRNA of P. lividus behaves in this way (Table 2 ). This peculiarity can be understood if one assumes that the rRNA cistrons are less numerous in P. lividus DNA than in A. lixula DNA, thus enabling DNA of the latter species to accept more rRNA molecules of any origin. The low species-specificity of the DNA-rRNA reaction can explain why the hybridization ratio of "heavy" RNA decreases when the labeling time increases (Table 2 ). "Heavy" RNA is a mixture of unstable dRNA and stable rRNA (Table 1) and therefore contains more labeled rRNA and less dRNA as the period of labeling becomes longer. The hybridization properties of "heavy" RNA labeled for a short time are close to those of DNA,5 but they become closer to those of rRNA when the labeling time increases.
Although the hybrid embryo A. lixula o X P. lividus 9 contains more DNA of maternal type than of paternal type,5 the RNA that it synthesizes at blastula and early gastrula stages hybridizes better with paternal DNA than with maternal DNA (Fig. 3) . This is true for "light" RNA, which has almost the same hybridization properties as "light" RNA of A. lixula (Table 2 ). This is also true for "heavy" RNA. The higher affinity of "heavy" RNA from hybrid embryos for DNA of the paternal type can be explained in different ways.
(1) "Heavy" RNA of hybrid embryos contains exclusively rRNA and no dRNA. Even if this RNA were transcribed only on the maternal (P. lividus) genome, it would hybridize better with paternal (A. lixula) DNA than with maternal DNA (Table 2) .
(2) "Heavy" RNA of hybrid embryos is transcribed on both genomes, but dRNA transcribed on maternal DNA is diluted by the large amounts of maternal dRNA present in the egg. Whiteley et al. 20 and Glibin et al.2" have shown that in sea urchin embryos a considerable homology exists between complementary RNA synthesized at the blastula and early gastrula stages and RNA stored in the unfertilized egg. RNA synthesized by the hybrid on the paternal genome would not be subjected to dilution by egg dRNA and would therefore hybridize more efficiently than dRNA of maternal type.
(3) dRNA transcribed on the paternal genome in the hybrid is complementary to a longer region of paternal DNA than dRNA transcriebd on the maternal genome. More DNA sites would therefore be available for hybridization of paternal dRNA.
(4) dRNA of paternal type is produced in the hybrid at higher rates than dRNA of maternal type.
Possibility (1) is excluded by the base composition analyses of "heavy" RNA in hybrid and in normal P. lividus embryos ( Table 1) . "Heavy" RNA from the hybrid was shown to contain as much dRNA as the corresponding fraction of normal embryos. Possibility (2) seems improbable for the following reason: if P. lividus dRNA were strongly diluted out in the hybrid by pre-existing dRNA, whereas A. lixula dRNA were not, dRNA of the latter type would be less abundant and would have a higher specific activity than dRNA of P. lividus type. A. lixula dRNA presoat in the hybrid would therefore hybridize better at low DNA inputs, since few DNA sites are necessary to bind small amounts of complementary RNA. Equal levels of hybridization could eventually be reached for P. lividus dRNA, but only when large amounts of DNA are available. Figure 3c shows, however, that the hybridization ratio of RNA from hybrid embryos remains the same at all DNA inputs.
New experiments are necessary to make a choice between the two possibilities that appear most likely ((3) and (4)). Whatever the outcome of these experiments, it seems safe to conclude from the results obtained so far that RNA transcription is disturbed in the interspecific hybrid. Transcription of the paternal genome appears to be favored in some way. This conclusion is valid only for the part of the genome which is formed of redundant sequences and which hybridizes with RNA under the conditions used in these experiments.22
Abbreviations used in this paper: C, cytosine; G, guanosine; A, adenine; U, uracil; rRNA, ribosomal RNA; dRNA, DNA-like RNA; MAK, methylated albumin-kieselguhr; SSC, 0.15 M NaCl-0.015 M Na citrate.
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